Involvement of MMPs in the outward remodeling of collateral mesenteric arteries.
Persistent elevation in shear stress within conduit or resistance arteries causes structural luminal expansion, which serves to normalize shear stress while maintaining increased flow to the downstream vasculature. Although it is known that this adaptation involves cellular proliferation and remodeling of the extracellular matrix, the specific cellular events underlying these responses are poorly understood. Matrix metalloproteinases (MMPs) contribute to extensive remodeling of the extracellular matrix in conduit vessels and vein grafts exposed to high flow. However, involvement of MMPs in remodeling of small muscular collateral arteries, which are exposed to less severe increases in shear stress, has not been tested. We utilized an established model of outward remodeling in mesenteric collateral arteries to determine whether MMPs were upregulated during the remodeling response and to test whether MMP activity was required for luminal expansion. By 4 days, MMP-2 and membrane type 1 MMP (MT1-MMP), but not MMP-9, protein levels were significantly elevated in collateral arteries, as assessed by gelatin zymography and immunostaining. MMP-2 and MT1-MMP proteins, together with their respective transcriptional activators c-Jun and Egr-1 were localized predominantly to the smooth muscle layer of the collateral arteries. The general MMP inhibitor doxycycline prevented luminal expansion of collateral arteries but did not affect the endothelial cell proliferative or medial growth responses. In conclusion, this study provides evidence that MMP-2 and MT1-MMP are upregulated in collateral arteries exposed to elevated shear stress and that MMP activity is essential for the full remodeling response that leads to outward luminal expansion.